( SF J! D / / 
| 


Safety of Technogenic and Natural Systems 





VJIK 614.8[004] 
DOI 10.23947/2541-9129-2018-1-2-13-20 


MVHHOBAHHOHHbIE HHU®POBDBIE 
PEMMEHUSA KAK ®AKTOP CHHWKEHHA 
HPOH3SBOACTBEHHOLO TPABMATH3MA 


O. B. Jenucoe’, A. E. Tlonomapee* 


1 " . : 
JloHcKou rocyapcTBeHHbIM TeEXHHYeECKHM YHUBEPCHTeT, 
r. Poctos-Ha-Jlony, Poccuuckaa Deyepauna 


2 e é 
FOoKHEIN PezepabHbIM yHuBepcuTerT, r. PocrosB-Ha-Jlony, 
Pocculickaa Deyepauna 


Ovd63 @mail.ru 


ae_ponomarev @mail.ru 


B  padote mpecTaBsIeHbI #WHHOBAIIMOHHBIC 
IMpoBble pelicHHA, HalleueHHble Ha CHWKeHHe 
IIPOH3BOJICTBEHHOIO TpaBMaTH3Ma. Pa3spadOoTaHHoe 
UMMpoBoe cpesCTBO UWHAMBUAyabHOW 3alllMTbI 
(C3) m1o3BOJIA4eT OJJHOBPCMCHHO KOHTPOJIMPOBATh 
Ba (bakTopa Oe30NaCHOCTH: MpOAOJDKUTeJIBHOCTh 
HaxO%K CHUA paOOTHHKa Ha BbICOTe MH (UKCAIIHEO 
Tpoca c kKapaOuvHoM. IIpu 93TOM Cc. BBICOKOM 
MOXKHO OyJIeT 


BCPOATHOCTBIO MCKJIEFOUNTb 


HapylmieCHvwA TCXHUKU Oe30lacHOCTH WY, Kak 


CHeCTBUe, U30e2%KaTb TpaBM. 


Ks1t0ueBbIe CJIOBA: IIPOW3BOJICTBCHHBIN 


TpaBMaTi3M, MHHOBALMOHHBIC TCXHUATCCKHE 


pelleHua, WHdpoBolw KOMONHE30H. 


Bpejenne. AHasiu3 CTaTHCTH4eCKHX JIAaHHbIX O 
TpaBMaTH3Me B PocTOBCKOH OONacTH MO3BOJAeT 
YIBepxKaTb, YTO KOJIMYCCTBO TADKEIIBIX WH CMep- 
Te@JIBHbIX HeCUACTHbIX CIy4aeB Ha MpOW3BOCTBE 
pactert Ba fecaTuseTua nogApay. C 2009-ro no 
2011 roa ux Fos B OOWeM 4UCIIe TpaBM JocTura- 
na 8 %, 4TO CYUIECTBeEHHO IIpeBblllaeT WOKa3aTesIM 
Pa3BUTbIX CTpaH Mupa. ITO CBUeTeIbCTByeT O 
HeEOOXOJMMOCTH JaIbHeMWero KOMIMJICKCHOrO HC- 
CeOBaHHA TpOW3BOACTBeCHHOrO TpaBMaTH3Ma HU 
pa3pa0oTKH 93(MeKTHBHBIX MepOlpuATHM TO T0- 
BbILMeCHHEIO Oe30TacHOcTH Tpysa [1-8]. 

CpecTBO 3alIMTbI OT NaseHHA 4esOBeKa C 
BbICOTbI Ha OCHOBe WHpoBbIx TexHOJIOrMi. 
TexHuyeckwe UW TeXHOJIOrM4YeCKHe CpeCTBAa, 3a- 
WMarolve YeOBeKa OT TayeHuA, WIMpOKO npu- 
MCHAKOTCA TIP BbINOJIHCHHM pa3JIM4UHbIX BHJIOB 
paOot. JIoBObHO paclipocTpaHeHHoe pellieHue — 
CiieliMasIbHad padouad OexKbI C PeMHAMU 6e3- 
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The paper presents innovative digital solutions 


to reduce occupational injuries. The developed 
digital PPE allows you to monitor the duration 
of workers at height with simultaneous monitor- 
ing of the state of fixation of the cable with the 
carabiner. Thus, with a high probability we can 


avoid safety violations and personal injury. 


Keywords: occupational injuries, innovative 
technical solutions, digital jumpsuit. 


Introduction. The analysis of the statistics 
on injuries in the Rostov region suggests that the 
number of serious and fatal accidents at work 
has been growing for two decades. From 2009 
to 2011, their share in the total number of inju- 
ries has reached 8%, which is significantly 
higher than in the developed countries. This in- 
dicates the need for further comprehensive study 
of the production of occupational injuries and 
the development of effective measures to in- 
crease safety [1-8]. 

Fall protection means based on digital 
technologies. Technical and _ technological 
means, protecting people from falling, are wide- 
ly used in various types of work. A common 
solution is a special work clothes with safety 


belts. The following disadvantages were noted 





onacHocTu. B mpotecce sKcIIyaTalwu 3alllMTHbIx 
CHCTeM HepBbIX MOKOJICHHH Ob OTMeYeHBI Cie- 
myroulue HeOcTaTKU: 

— W3-3a CJIOXKHOCTH B3AaUMOCBA3H PeMHeH PUK- 
calla Hey00Ha U TpeOyeT JWIMTeIbHOrO BpeMeHy; 

— TII0Wab ONOPbl ATONMYHOrO PeMHA HeJO- 
CTaTOUHA, YTO BbI3bIBACT JMCKOM@OPT HU TAKUM 0O- 
pa30M OrpaHH4uBaeT BO3MO2%KHOCTH BBIMOJIHCHHA 
paOor B 1103e CHA Mpu 3aBMCaHHu Ha Tpoce WIM 
BepeBKe; 

— HeCOOTBETCTBHe CHCTeCMbI H3BeCCTHbIM HOp- 
MaM 9PproHOMHKH TpenaTcTByetT 9ddeKTuBHOH 
IIpOAOJDKUTeIbHOM padoTe Ha BbICOTe B IOJIO%Ke- 
HMM 3aBUCaHHA WU He MO3BOJIACT KOHTPOJIMpOBaTb 
(puKcaluMio paOOTHHKa Ha HajlexKHbIX OrparxKa1o- 
IHX KOHCTpyKinAx [9-10]. 

YcoBeplIeHCTBOBaHHbIM UWM@poBoi KOMOUHE- 
30H JIA paOoT Ha BbICOTe (puc. 1) MpezcTaBaAeT 
COOOM CHelOTeK Ty, CIIMTYIO 13 KOMIMO3HIIMOHHBIX 
MaTepHasIOB C Ooee IpOUHOM MOJIHHeH MU peMHs- 
MH Oe301aCHOCTH. 


in the operation of the protective systems of the 


first generations: 

- due to the complexity of belts connection 
their fixation is inconvenient and requires a long 
time; 

- the supporting area of the gluteal belt is in- 
sufficient, which causes discomfort and thus 
limits the possibility of performing works while 
sitting on a rope; 

- nonconformity of the system with the 
known standards of ergonomics prevents long- 
term effective work at height in the hanging po- 
sition and does not allow controlling fixation of 
a worker on reliable enclosing structures [9-10]. 

Advanced digital jumpsuit for work at height 
(Fig. 1) is a protective clothing, made of compo- 
site materials with a more durable zipper and 
belts. 


Aw AR W NS 


Puc. 1. OOmmMu Bu WudpoBoro KOMOuMHE30HA JIA paOoT Ha BbICOTe: | — KOMONHE30H, 2 — yCuJIeHHad MOJIHUA, 


3 — cTpaxoBOUHble pemMHH, 4 — ycuJIeCHHbIM Tpoc, 5 — WHTeJWICKTyaJIbHbIM KapaoOuH, 6 — kpemeHuve-IMnyykKa, 





7 — OTBeTHBIe KpemieHuad — JIMMy4KH 


Fig. 1. General view of the digital jumpsuit for work at height: I - jumpsuit, 2 - reinforced zipper, 


3 - safety belts, 4 - reinforced cable, 5-intelligent carabiner, 6 - Velcro fastening, 7 - reverse Velcro 


fastening 


KomOnHe30H OCHAIICH YCHJICHHBIM TPOCOM H3 


yIJIeIIaCTHKOBOrO BOJIOKHa, ONTOBOJIOKHa HU 
HetiioHa. Ha crpaxoBOUHbIX PeMHAX 3aKpelieH 
WVHTCIICKTYAIbHbIM KapaOuH: OlaroyapaA UCIOsIb- 
30BaHHIO IM@pOBbIX TeXHOJIOrMM OH Mepesaer 
JJaHHbIe O COCTOAHUM PeMHA Oe30MaCHOCTH Ha CTa- 
IMOHAPpHbIN OJIOK yupaBJIeHHA. 


AJIbTUMeTp, HaCTpOCHHBIN Ha OllpeyesIeHHy!O 
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The jumpsuit is equipped with a reinforced 
cable made of carbon fiber, optic fiber and ny- 
lon. An intelligent carabiner is attached to the 
safety-belts: due to the use of digital technolo- 
gies, it transmits data on the status of the safety- 
belt to the stationary control unit. 

Altimeter, set to a certain height, simultane- 


ously sends a signal about a possible violation to 
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BbICOTY, OTIIPaBJIAeT CHTHAJI O BO3MO2XKHOM Hapy- 
I€HHH OJHOBPeMeHHO padOoTHHKy HU B Ilex — Ha 
I[CHTpasIbHbIM OOK. 30eCb xXpaHATCA WaHHble oO 
TOM, Kak JIOJIFO COTPYAHHK, padOoTarollui Ha BbICO- 
Te, ObI He MpucTerHyT (WIM MWpucTerHyT) K 3a- 
IMTHBIM OrpaxkyeHuiM. Undopmallua BbIBOAUTCA 
Ha llaHesIb UM@poBon MHAMKaWMU QOKK-mMonntop). 

IIpeqnon0x%xuM, 4TO pa3padoTaHHoe WudpoBoe 
CVU3 103B0IAeT OMHOBPCEMCHHO KOHTPOJIMpOBaTB: 

— TPOOJDKUTeEIbHOCTh HaxO2*KJCHHA PaOoTHH- 
KOB Ha BBICOTEe; 

— (PHKCalIHEO Tpoca c KapaOHHOM. 

IIpu 9TOM C BbICOKOM BeEPOATHOCTbIO MO2KHO 
OyneT U30e%KAaTb HapylleHuaA TeXHUKU Oe30racHo- 
CTH. 

BepoxTHocTHad OWeHKAa BO3MO%KHOCTH CHH- 
*KCHHA PHCKOB TpaBM Ip nmpumMenenuun CH3 na 
OCHOBe HHHOBAIMOHHBIX pelleHui HW WHpoBbix 
TeXxHOJIOrHH. B 3aBHCHMOCTH OT paccMaTpuBae- 
MOM CHTyallwH W3y4YeHHe TpaBMOOTIaCHOCTH Ha 
IIPOMU3BOJICTBE MO2%KET OCYIIECTBIIATBCA JO WII I10- 
cue COOBITHA — allpHOpHO WIM allocTepHopHo. 

OueBHHO, 4TO alIpHOPHbIM aHalu3 BaxKHee, 
4eM allOCTepHOpHbIM, Tak KaK OH IIpe/lecTByeT 
HeraTHBHOH cuTyaluu. IIpu stom Ha pakTuKe 00a 
BapHaHTa JIOMOUHAIOT Apyr Apyra. Ecim peub uyer 
O TCXHH4e€CKHX CHCTeMax, MIpWOOpeTeHHbIN OLIbIT 
MCIHOJIb3YeTCA B alIPHOPHOM aHasiu3e HaylexKHOCTU 
MallIMH WIM MpOMbImMJIeCHHOrO OOopyz0BaHuaA. IIpu 
9TOM BO3MOX%KHBI J[Ba WOAXOa K W3y4CHHFO Mexa- 
HM3Ma, JIOrMKU, MOCIeEOBaTeJIbBHOCTH MW MaTeMaTH- 
yeCKOTO ONMCaHHA BepOATHOCTH BO3HHKHOBeCHHA 
onacHocTy [11-13]. 

Ileppamm mozxoy, omMpaeTca Ha BEPOATHOCTE pe- 
anM3auuu COObITHA pu WoOrM4ueckow onepanuu VU 
(BbIXOWHOe COOITHE TpOM30N eT, ec BCe BXOJ- 
HbIe COOBITHA IIPOU30U YT OJHOBPeMeHHO): 

P (TpaBMa pu nMayeHun) — i (A) x P (B). 

JjaHHy!O [OCIeCOBaTebHOCTb COOBITHH pac- 
CMaTpHBaTb He OyseM. 

Bropovw MOAXO Y4HTbIBaeT BeEPOATHOCTb pea- 
NM3aluu COObITHA (MayJeHHA C BBICOTBI HM WoOy4e- 
HHA TpaBMbI) pu jorMyeckon onepanuu VJ 
(WIA IpOABJICHHA BbIXOXHOLO COOBITHA JOCTaTOUHO 
CBeplleHua JIOOOrO 3 BXOHbIX). Iloa Takoe 


ollpeqeueHve NoyMayaroT OUCH MHOTHe COOBITHA. 





the worker and the shop - to the central unit. It 
stores data on how long the worker, working at 
height is not fastened (or fastened) to the protec- 
tive barriers. The information is displayed on 
the digital display panel (LCD monitor). 

Let us suppose that the developed digital 
PPE makes it possible to control simultaneous- 
ly: 

- duration of stay of workers at height; 

- fixation of the rope with a carabiner. 

Thus with high probability it will be possible 


to avoid violations of safety regulations. 


Probabilistic assessment of the possibility 
of injuries risk reduction in the application of 
PPE based on innovative solutions and digital 
technologies. Depending on the situation under 
consideration, the study of occupational hazards 
can be carried out before or after the event - a 
priori or a posteriori. 

Obviously, a priori analysis is more im- 
portant than a posteriori analysis because it pre- 
cedes a negative situation. In practice, both 
analyses complement each other. When it comes 
to technical systems, the experience is used in a 
priori analysis of the reliability of machines or 
industrial equipment. At the same time, two ap- 
proaches to the study of mechanism, logic, se- 
quence and mathematical description of the 
probability of occurrence of danger are possible 
[11-13]. 

The first approach relies on the probability 
of realization of the event in a logical operation 
I (the output event will occur if all input events 
occur simultaneously): 

P Gnjury from falling) = P (A) x P (B). 

This sequence of events will not be consid- 
ered. 

The second approach takes into account the 
probability of the event (falling from a height 
and injury) during a logical operation or (for the 
output event, any of the inputs is sufficient). 
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BeposTHOcTb Ux pealm3aluuu onpeyelisetca 0 
(bopmylie: 
P (Aj, Aj) = P (Ai) P (Ai), 

roe A,, A; — MHO?2KeCTBO I-xX He3aBHCHMBIX CO- 
ObITHH. 

PaccMOTpUM IIpocTy}lo CHTyallM1O C JIBYMA CO- 
ObITHAMH: 

— A «Hayes — He Hagen CV3»; 

— B «iockosIb3HyJICA — yiasl W MOCKOJIB3HYJI- 
Ca — He yap». 

B 9TOM Ciry4ae 3ABUCHMOCTb COKpalllaeTca JO: 

P (TpaBMa pu Mayenun) — | — [Ud _ P4)| x [U1 - Ps)I. 

PaccMOTpUM YCJIOBHA HW BEPOATHOCTh WayleHuaA C 
BbICOTBI HM HOUYYCHHA TpaBMbI IIpH OTCYTCTBUU 
TEXHH4eCKON cTpaxoBKH. JIolycTuM, Ha BbICOTEe 
Oomee 1,5 M HeJMCUMIMIMHUpOBaHHbIN COTpyHHK 
paOotaet 6e3 CH3. 

Cutyalua meppad (Kpaive HeraTuBHas). Ompe- 
JIeJIMM, HaCKOJIbKO BepOATHO, YTO padoun He UC- 
Toub3yeT CU3 (crpaxoBouHbI WOAC OTCYTCTBYEeT): 

P,z=1. 

OnpeyesIMM, HaCKOJIbKO BepOATHO, 4TO padboun 
yllayleT 13-38 HEBHUMATeJIbHOCTH WIM MOTepu paB- 
HOBeCHA (CTpaxOBOYHbIN MOAC OTCYTCTBYeT; Ha 
IIpeMpuATHU CHCTeMHO HapylllaeTca TexHuKa 0e3- 
oOlacHOcTyH): 

i B= 1. 

BeposTHocTb WaweHua UW TOUYYeHHA TpaBMBI 
mpu Py=1, Pg=1: 

P papa upu nanenun) =|- (1 — I) (1 = I) =] 
(100 % ucxoy, Kpavine HeraTHBHBIN). 

Cutyalua Bropadt (HeraTHBHad). OrnpeyemuM, 
HaCKOJIbKO BepOATHO, 4TO padounH ynayeT W3-3a 
HeEBHUMAaTeJIBHOCTH WIM WOTepH paBHoBecHA (pH 
HaIM4uu CTpaxoBOuHOorO Tosca; Ha WpewwpuaATun 
CHCTe€MHO HapylllaeTca TeXHuKa Oe30NacHOcTH): 

P Bo Q...1. 
BeposaTHocTb ayeHud WU WOJyYYeHHA TpaBMbI B 
ciryuae cpeyHuXx 3Ha4eHHH 50 % x 50 %: 
P,4 = 0,5, Px = 0,5: 
P(rpasma pu Wayenun) — | — (1 _ 0,5) (1 _ 0,5) = 0,75 
(75 % UCxXOX HeraTUBHBIN). 

Cutyalua TpeTba (m03HuTHBHad). OnpezenuM, 
HaCKOJIBKO BePOATHO, YTO AMCIUMIMJIMHMpOBaHHBIi, 
IOCTOAHHO KOHTPOJIMPyeMbIN padouni He UCIIOIIb- 
3yeT CH3 (pu Hamu CTpaxOBOYHOrO Tosca): 
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Many events fall within this definition. The 
probability of their occurrence is determined by 
the formula: 

P (Aj, Aj) = P (Ai) P (Ai), 

where Aj, A; -a Set of i-x independent events. 

Let us consider a simple situation with two 
events: 

-A "wearing - not wearing of PPE"; 

- B "slipped - fell and slipped - fell". 

In this case, the dependency is reduced to: 

P (Gnjury from falling) = 1 — [. — Pa)] x [C1 — Pa)]. 

Let us consider the conditions and the prob- 
ability of falling from height and injury without 
technical safety. For example, at a height of 
over 1.5 m an undisciplined worker is working 
without PPE. 

The first situation (extremely negative). Let 
us determine how likely it is that the worker 
does not use PPE (safety belt is missing): 

Piel 

Let us determine how likely it is that the 
worker will fall due to negligence or loss of bal- 
ance (there is no safety belt; safety regulations 
are systematically violated): 

Pz=l. 

Probability of falling and injury in Py = 1, Pp 
=|: 

Pnjury from falling) = 1 — (1. — 1) A - 1) = 1 C100 
% outcome extremely negative). 

The second situation (negative). Let us de- 
termine how likely it is that the worker will fall 
due to inattentiveness or loss of balance (with a 
safety belt; safety regulations are systematically 
violated): 

Pg=0...1. 

Probability of falling and injury in this case 

is of an average of 50% x 50 %: 
P4=0,5, Pg = 0,5: 

Pinjury from falling) = 1 — (1 — 0.5) (1 — 0.5) = 
0.75 (75 % the outcome is negative). 

The third situation (positive). Let us deter- 
mine how likely it is that a disciplined, constant- 
ly controlled worker does not use PPE (if there 
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P,=0. 

OnpeyesIuM, HaCKOJIbKO BeEpOATHO, 4TO padbount 
yllayleT 43-38 HEBHUMATeJIbHOCTH WIM MOTepH paB- 
HOBeCHA (IPH WpaBYJIbHOM HCIIOJIb30BaHHU CTpa- 
XOBOYHOTO WoOAca; Ha WpeAMpuATHU COOsOWAaIOTCA 
paBusia TEXHUKU Oe30MacHOcTyH): 

yes B= 0 

Ecsm P, = 0, Pg = 0, TO BeposATHOCTh NayeHHA U 
TOJIYYCHUA TPaBMBI: 

Ppasma pu mayenun) — | — (1 aa Q) (1 -_ 0) =0 (11a qe- 

Hie HEBO3MO2%KHO). 

IIpumMenus JIOrHKy TpeybIAyuIMx WpuMepoB Uu 
YUUTbIBAA BePOATHOCTb (u3H4eCKOH ycTaslocTn, 
IICHXOJIOrM4eCKOM HalipsxKeHHOCTH epcoHala, 
HeyOOcTBa HW WIOXOM SproHOMHKH Ha padouem 
MeCTe, 3AaJ[bIMJICHHOCTH, 3aIIbUICHHOCTH UU Jp., 
MOXKHO BBIYHCIIMTb BEPOATHOCTL TPaBMBI B IIpOMe- 
XKYTOYHBIX CIIyYaAX (OOACTb BTOPOH cuTyann). B 
JJaHHOM CJIy4ae BEPOATHOCTb TpaBMBI YBeJIM4MBa- 
eCTCA C POCTOM BXOJIAIIMX B 3ABMCHMOCTb TOKCHY- 
HbIX KOMIOHCHTOB. 

Yka3aHHble B Havasle CTaTbH WHHHOBAaIMOHHBIe 
UMMpoBble TEXHHYeCKHe PellleHHA ABHO CHW)KAFOT 
PHCKUM BepOATHOCTH MayleHuA, KOTOPbIe MOryT BXO- 
JMTb B OL[CHOUHY!IO 3aBMCUMOCTE. IIpu sTOM MOryT 
ObITb MAKCHMAJIBHBIMU UM CTPeMATCA K CMHUIe BCe 
pacueTHble BepOATHOCTH: 

— lIpumMeHeHue CH3, 

— ncnomb30BaHHe CM3 Ha 3auaHHOH BbICOTE, 

— MX IleJIOCTHOCTE, 

— xopollee IcHxojlorM4ecKoe COCTOAHHeE CO- 
TpyIHuKa (CCIM OH OCO3HaeT OeE30IaACHOCTb U BO3- 
MOXKHOCTb IOOMIPeCHHA 3a paOOTY B_  CJIOXKHBbIX 
YCHIOBHAX). 

3akmro4enne. M3yyenuve sTHOOrMM HecuacT- 
HBIX Cy4aeB MO3BOJIAeCT pa3spadbaTbIBaTbh MHHOBA- 
I[MOHHbIC UH WHpoOBble TEXHOJOIMH, UCIIOIb30Ba- 
He KOTOPbIX CHY2KACT BEPOATHOCTb OMAaCHBbIX CH- 
TyallMi UW TpaBM. Pe3syJIbTaTbI MCCIeOBaHHU WO0Ka- 
3bIBaIOT, UTO JOBOJIbHO YaCTO OMaCHOCTb He OCO- 
3HaeTCA HH CyOBeKTOM JleHcTBHA (pado4uHM), Hu 
IIl€@pPCOHaJIOM, OTBeETCTBCHHbIM 3a TeXHHKy 0¢e3- 
onacHocTHu [14-15]. B sTo cBa3u Wesecoodpa3Ho 
BHeJIPATb B MPOW3BOJICTBeCHHY!O TipakTUKy Wudpo- 
BbIeC 9JIEMCHTbI, OMNOBEeLaOllue O MOTeHIMaIbHOn 
BO3MO2%KHOCTH HeCyaCcTHOrO C1y4ad (B YaCTHOCTH, O 
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is a Safety belt): 
P,=0. 

Let us determine how likely it is that the 
worker will fall due to negligence or loss of bal- 
ance (with the correct use of the safety belt; the 
company complies with the safety regulations): 

Pzg=0 

If P4 = 0, Pg = O, the probability of falling 
and injury: 

PGinjury from falling) = 1 — (1 — 0) (1 — 0) = O (fall- 

ing 1s impossible). 

Applying the logic of the previous examples 
and taking into account the probability of physi- 
cal fatigue, psychological stress of the staff, in- 
convenience and poor ergonomics in the work- 
place, smoke, dust, etc., it 1s possible to calcu- 
late the probability of injury in intermediate 
cases (the second situation area). In this case, 
the probability of injury increases with the 
number of dependent toxic components. 

The innovative digital technical solutions 
mentioned at the beginning of the article clearly 
reduce the risk of falling, which can be included 
in the evaluation dependence. All the calculated 
probabilities can be maximum and tend to 1: 

- the use of PPE, 

- the use of PPE at a given height, 

- their integrity, 

- good psychological state of the worker (if 
he / she is aware of the danger and possibility of 


encouragement for work in difficult conditions). 


Conclusion. Studying the etiology of acci- 
dents allows us to develop innovative and digi- 
tal technologies, the use of which reduces the 
probability of dangerous situations and injuries. 
The results of the studies show that quite often 
the danger is not recognized either by the sub- 
ject of action (worker) or by the personnel re- 
sponsible for safety [14-15]. In this regard, it 1s 
advisable to introduce into production practice 
digital elements that notify about the potential 


accident (in particular, about the lack of the 
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HeJOCTaTOUHO KayeCTBeEHHOM (uKcalluu crieluMa- 
NMCTAa, BbITIOJIHAFOMIeErO BbICOTHBIe pavorsl). 
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